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Abstract 
In underground metal mining various type of rocks are encountered during mine excavations   viz., competent, 
heavily fractured, weathered, heavily jointed etc. and accordingly suitable support systems and strata control 
measures are adopted. Of all types of them, shale formations are the nemesis of the mining engineer because shale 
react to changes in environment in the most unusual and unpredictable manner. Increase in temperature may cause 
spalling, increased moisture and compression induced fractures may occur, and if a full face is exposed it may 
deteriorate due to atmospheric exposure. In this paper the authors will discuss about how a new support system were 
developed at Tummalapalle mine on trial basis to establish a better strata control measures in the shale roof. This 
paper also describes technological concepts implemented for better strata control in providing safe working 
environment in underground mine. 
 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of organizing committee of the Global Challenges, Policy Framework & 
Sustainable Development for Mining of Mineral and Fossil Energy Resources. 
Keywords: Shale; resin; hydrabolt; radial force; dolostone;RMR. 
1. Introduction 
1.1. Geology 
Geologically the Tummalapalle mine area is in the SW part of the Kadapa (earlier “Cuddapah”) basin. 
The mineralization lies within Vempalle formations of Papaghni group of Kadapa Super Group. The 
Tummalapalle deposit is located in the Survey of India Toposheet No. 57J/3 & 7, between latitudes 
14°20’4.26” N and 14°20'3.9”N, and longitudes 78°15'16.57”E and 78°16’42.67”E. It is situated in the 
YSR district of Andhra Pradesh and is about 12 km south of Pulivendla town. The uranium mineralization 
occurs within Vempalle carbonate rock which is a strata bound formation. It is basically a dolomitic 
limestone (“dolostone”) along with stromatolitic limestone. The ore body is uniform in its thickness and 
trend with an average dip of 15° due N22°E. The extent of the ore body is 5.6 km along the strike and 1 
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km along dip with overburden depth ranging from 15 m to 275 m. The ore body consists of two bands: 
hangwall lode (3.2 m in width) and footwall lode (2.5 m in width), separated by 1.5 to 3 m thick lean 
zone. The radioactive minerals identified in the ore zone are pitchblende, Coffinite and U-Ti complex. 
1.2. Mining 
Access to underground workings from surface is by three declines of size 5m x 3m, driven at 90 in 
apparent dip direction SW to NE direction cutting the ore body in two parts. The central decline is used 
for conveyor transport and other two parallel declines are used as service declines for men and materials. 
Initially mining is carrying out in the footwall lode and the extraction of Hangwall lode will be taken up 
after complete filling of the mined out ore blocks in the footwall lode. Advanced strike drives (ASD) are 
driven in strike direction at 10 m vertical interval and get connected by ramps in between at 120 m. The 
mining method adopted in Tummalapalle mine is Room and Pillar mining method. The schematic 














Fig. 1. Schematic diagram showing the stope block layout between two ASDS (plan view) 
 
 
Fig. 2. Schematic diagram showing the level splits in the stope block (plan view) 
Fig. 3. Schematic diagram showing formation of room and pillar in the stope block (plan view) 
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Fig. 4. Transverse section A-A’ of stope block 
1.3. Engineering geological properties 
There are two major sets of joints within the roof strata. In addition, the horizontal layering of the 
dolomite is clear, with the thickness beds varying from 10 cm to 50 cm. A few random joints too are 
present. The joints are mostly filled with calcareous/siliceous material but whenever this material is 
washed away, they expose an aperture ranging from 2 mm to 10 mm. Although continuous flow of water 
was observed through cracks at some places, the general ground conditions in the mine are dry. There 
are no major structural disturbances. The physico-mechanical properties of the rocks were determined at 
NIRM, Kolar Gold Fields. The values for dolostone, red shale and the ore body, all were widely varying. 
The average values are given in the following table 1. 
 
Table 1. Physico-mechanical properties of the rocks 
Property 
Rock Type 
Dolostone Shale Limestone 
Density (g/cc) 2.64 to 2.85; 2.78 2.35 to 2.6; 2.78 2.82 to 2.81; 2.82 
Compressive strength (MPa) 205 to 304; 206.5 52 to 353; 185.58 377 
Tensile strength (MPa) 22.26 to 26.33; 24.30 7.43 to 17.27; 12.15 10.73 
Slake durability index- 1st cycle 
(%) 
98 76 82 
Slake durability index- 2nd cycle 98 72 73 
1.4. Rock mass characterization 
The drives in the hangwall orebody have the red shale as the roof strata and the drive in the footwall 
orebody has dolostone in the immediate roof. There are basically three regular sets of joints (including 
bedding planes), plus random joints in the area. The joints were smooth to rough and are planar. The 
joints are mostly filled with sandy/soily material. The estimated RMR is presented in the following Table 
No.2 
 
Table 2. Estimation of RMR and other rock parameters 
Parameter 
  
Red Shale Dolostone 
Value Rating Value Rating 
Rock Strength 116 Mpa 10 278 Mpa 14 
RQD 45.60% 8 72% 13 
Spacing of Discointiues 0.12 m 6 0.12 m 6 
Joint Condition Smooth to rough; 
planar; filled with 
0 Smooth to rough; 
planar; filled with 
0 
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soil sand 
Water Seepage Wet 10 Dry 15 
Rock Mass Rating (RMR) Sum of 
the 5 ratings 
  34   48 
" Poor" Rock Mass " Fair" Rock Mass 
Rock Load = Wr * B * (100-
RMR)/100 8.265 t/sq.m 7.3 t/sq.m 
2. Support design for shale roof at Tummalapalle mine 
For the conditions prevailing at Tummalapalle mine the practiced support system for dolostone roof 
is 2 m long, 22 mm diameter full column cement grouted roof bolts at 1.0 m row spacing. In the junctions 
and in the loading points, additional bolts of 3 m length should be installed in between the bolts, that is, 
at 0.5 m x 0.5 m spacing in staggered pattern. Accordingly some excavations were made in the hangwall 
orebody also at some of the locations and tried the same support design for supporting the shale roof. But 
due to collapse of the drilled support holes and seepage of water from the holes the existing practices of 
supporting methods were unsuccessful because of inserting quick setting cement capsules was difficult 
in to the drilled support holes. Even full column resin grouting was also tried for supporting the shale 
roof, but the results were not encouraged. Later on the support system is switched over to friction type 
of rock bolts in the form HYDRABOLTS which was introduced by M/s New Concept Mining after 
conducting successful trials for supporting the shale roof with satisfactory results. Wiremesh is also used 
whenever required. 
2.1. Hydrobolts 
Hydrabolt is a fabricated steel tube, "C" shaped in cross section and sealed at both ends. At one end, 
a hydraulic nipple with integral non-return valve, allows connection to a hydraulic pump. After drilling 
a support hole in the rock to the required diameter and length, the Hydrabolt is inserted and a pump is 
used to expand the tubular rockbolt radially with water at pressures typically 25MPa (3500psi). Frictional 
resistance between the wall of the hole and Hydrabolt provides outstanding pull-out resistance. The 
Hydrabolt has been designed to facilitate ease of installation and to provide the user with immediate 
support and a safe working environment. Unlike other designs, the Hydrabolt incorporates a check valve 
to prevent the fluid from being released once the inflating nozzle is removed. This system provides a 
better grip as the clamping inside the hole adapts to the shape, size and irregularities of the hole and 
distributes the clamping force evenly throughout the length of the hole. As the installed Hydrabolt is 
sealed, the internal corrosion is self-inhibiting. 
 
The patented design of the Hydrabolt valve provides a visual method of verifying the correct 
installation of the roofbolts. The integral load indicator indicates that the Hydrabolt has been correctly 
installed by popping forward once the Hydrabolt has been installed with the correct internal pressure; 
secondly the colour of the load indicator identifies which length of Hydrabolt has been installed. The 
load indicator also confirms whether a Hydrabolt has been installed. 
The Hydrabolts used at Tummalapalle mine were 1.8 m in length and 26 mm dia. In the form of 
accessories to install Hydrabolt safely an air pump is required in the underground with availability of 
compressed air and water supply at the installation site. Wide range in length of Hydrabolts is available 
from 0.9 m to 3 m length and also as per the requirement of user. Hydrabolts can be supplied with a 
Thermal Zinc Diffusion coating which has been proved in both laboratory and underground environments 
to provide significant protection from the corrosive elements typically found in underground mines. 
 
The Hydrabolts will immediately take a minimum m load of 10 t as soon as you install it. Each 
installed and pumped Hydrabolt has an area of influence due to the radial force applied by the water 




























Fig. 5. Working principle of Hydrobolt 
 
Following are the advantages installing the Hydrabolts. 
x Quick and easy to install  
x Provides immediate support on installation  
x Not affected by blasting vibration  
x Hydrabolt retains its pressure even if the button is blasted off  
x Load indicator shows when pressurized  
x Patented non-return valve which limits “spring-back “giving increased pull-out 
resistance 
x Load indicator colour shows length of bolt installed 
x Safe remote installation  
x Load evenly distributed evenly over entire length of hole  
x No resin or grout is required 
The following figure no.6 shows the description of Hydrabolt 
 
 
A: Tubular body, B: Top collar, C: Valve Collar, D: Valve Assembly and E: Face plate 
 
Fig.6 Description of Hydrabolt used at Tummalapalle mine 
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3. Conclusions 
Excavations which contain shale as roof are likely to present problems in structural stability. Extreme 
care must be exercised to maintain equilibrium if stability is to be achieved. Good supporting practices 
coupled with sound investigation of ground deformation and structural reinforcement methods can make 
it possible to maintain the openings for longer periods. For supporting the shale roof at Tummalapalle 
mine, Hydrabolts properly installed in mining cycle, combined with wire mesh/welded mesh are 
providing the economic solution so far. 
 
References 
1. Reports on “Formulation of Support plan and Determination of stoping parameters for Tummalapalle mine” by NIRM, 
Kolar Gold Fields 
2. Effects of Shale on Roof stability in Underground Mining by James J Scott 
3. Application of Rock Mechanics to Underground Mine Design by P L McCarthy, M F Lee and M C Bridges  
4. Ground Support  in Mining & Underground Construction by E Villaescusa & Y Potvin 
5. A New Rock Bolt Design Criterion and knowledge-based expert system for stratified roof by JunLu Luo 
6. Support of Underground Excavations in Hard Rock by E Hoek, P K Kaiser and W F Bawden 
 
